Hydrophobic interactions in a cyanobacterial plastocyanin-cytochrome f complex.
The complex of the photosynthetic redox partners plastocyanin and cytochrome f from the thermophilic cyanobacterium, Phormidium laminosum, was investigated by nuclear magnetic resonance (NMR). Chemical-shift perturbation analysis of amide proton and nitrogen nuclei implicates the hydrophobic patch and, to a lesser extent, the "eastern face" of plastocyanin in the complex interface. Intermolecular pseudocontact shifts observed in the complex of cadmium-substituted plastocyanin and ferric cytochrome f specifically define the site of interaction to be between the hydrophobic patch of plastocyanin and the heme region of cytochrome f. Rigid-body structure calculations using NMR-derived restraints demonstrate that plastocyanin is oriented in a "head-on" fashion, with the long axis of the molecule perpendicular to the heme plane. Remarkably, the structure and affinity of the complex are independent of ionic strength, indicating that there is little electrostatic interaction. Lowering the pH results in limited reorganization of the complex interface, while the binding affinity is unaffected. Therefore, protonation of the exposed copper ligand, His92, plays only a minor role in the complex. In contrast to other electron-transfer complexes, the plastocyanin-cytochrome f complex from P. laminosum is predominantly controlled by hydrophobic interactions. These findings are discussed in the context of the previously characterized angiosperm complex.